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INSTRUMESTAL DETERYINATIONS OF
THE CHARACTERISTICS OF TURBULEKRT
EXCHANGE IN THE OCEAN

[?ollowing is a translation of an erticle
written by N.A. Panteleev in Vestnik

= Hoskovekogo Universiteta -- Seriya Matematiki,
Lekhanikl, Astronomii, Fiziki, Khimii, Xo 4,
1959, pages 141-14?3 - -

Introduction

The basic cheracteristics of the process of tur-
bulent Intermixing in the sea and oceazn are determined
by irresulor, rendom fluctuestions of the razte of flow,
temperature and other pronerties of sea-water. Measure-
acnt of the magnitudes of hydrologic turbulent pulsztions,
study of the correlatlon between them st various voints
In the current and at different moments in time permit
studying the intermal mechanism of the procees and sive
a direct method of determining the numericsl characteris-
tles of turbulent exchange. At the present time a series
of worke is known which are dedicated to direct determine
atlon of_ some of the cheracteristics of turbulence in
oceans |€ege, 1, 2, 3| . In recent years a series of
nodels of turbulimetePs has been created in the Deport-

’ ment of Physics of Ocean and Land Waters of the Taculty
of Physics of Moscow University, destined for use under
various conditions. '

hle paper contoins information about regearch ner-
formed with the help of the fourth model of the turbull -
meter on turbulent intermixine in the surface layer of
vovers of the Anterctic sector of the Indisn and Pacifie
Ccezns. The regearch wcs done during the third voyege
ofthe Noval Anterctlc Expedition on the diesel-electric
veesel "0b'" in Januery ~ Februery, 1958,
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type of recelvers used and the frequency cheracteristics

of the loops sseured proctleslly unaltered recording of

the turbule'c frocuenclies of tempersiure fluc:uu@tlonc

from 7-10 hertz to 0.03~0.0% hertz (thet is, & duration

of 20-30 seconde). The lower limit of the frenuenciles

is determined by the inertness of the outer lavers of the

thermobatieries (for more detoil see [4] ). The measured
Trecuencles of the pulestions lle in 2 range from +%e
coame 10 hertz (mslcu v determined elready by the ‘160

ovn zre*cuncy} c very glow osclllations wnose Derioﬂa

sre comprrsble with the durstion of the messurement.

‘The turbullmeter U s let down by nmesns of a hydro-
loglie windlass of tne "Oeean" on & steel cable, narsallel
to whigh “e”e was another cable connecting the instru-
nent's recelver with ithe reglstering vert of the spparo-
tue szt up iﬁ 2 hydrologic e borﬂnory on deck Fower
supply of the x“PCUFlﬂg arrangenents wWes zecon plished
from dry cells and accumulw“o”" vlaced in & comp=riment
gepecicliy bulilt for thic purpos .

Regults of the Obcservetlons

The messurements were made during the sezson of the
hydrologle stations or in the worklng period of the
serlsl photographie survey group, cozbined with o long
stay of the boat et theland floe and st = d@tached ice~
berg. Studiszes of turbulence were made &t the surfzce of
the ozean ustere voth to the layer of greatest stebility
and peleow it. The neximun depth to which the lnstrumen
uze lovwered wes 45 meters. On the everage the durstion
of o PGCGTu;EQ wes about five minutes The werticel
distributlion of th~ wﬂvic opfw”htawww,ics ¢f the turbu-
lent procege wer. determined, ond the cuegtlion ol the tine
of tha*r chanze at & plven level was slso studled. TFor
1 sries of measurenente of the previcusly

zg nad for which the turbuliz cter
ye”iouic switehing on of

Janm weg(3g) 2e70n  Bobun07°32

2. 2. Bpecimen of the record of turbulent
lsations at a depth of seven meteru.
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Figure 2 gives a specimen of the record of turbulent
pulsation at the T-meter level on 19 January at station
No 330. In it W' and V' are the vertical and horizontal
comvonente respectively of the velocity, recorded at &
somewhat different sensitivity of the loope; t] and t5
sre records of tempersture pulsstions at iwo levels 0.5
meter epsrbt. Curve t3 corresponds to a measurement
sensitivity of 3.1 - 10-4° per mm of the oscillograph scale.
The temperature pulsations at the second level were regls-
tered with a sencitivity of a slightly lower degree. The
mean-cqguare values of the temperature pu ations corres-
ponding to this reglstratlion equal 3.9¢107°% those of the
pulsations of the vertical components of the current's
velocity, causing intermixing =along the vertical, 1.2 cm/
sec. The ratio between the mean-sguare values of the
vertical pulsations and the horizontal conponents of the
velocity was Tound to equal 0.86. The mean veloclty
here wae in the order of 20 cm/sec. On the oscillograph
the time scsle ie from the right.

Visual observations on the oscillograph screen of
velocity and temperature pulsatlons permits setting up a
qguelitstive representation of the nature of the change in
intensity of turbulence. The amplitude of turbulence
grows with depth, atteining a well~defined maximum at -
the layer of the lsrzest temperature and velocity gradl-
ents. Delow thie layer it decreases sherply end it does
not change very much from there on. Such & cheracter of
the fluctustion field is observed by us at all stations
snen the layer of skinping is more or less defined. In
studying the stetistical regularitles of the fluctuations
we Tind it possible to dstermine 1l the most importent
charecteristics of the process of turbulent intermlixing.

A total of 177 oscillographic rccordéings was oOb-
tzined of the whole complex of values, 97 in the Indian
2nd 80 in the Pacific Ocean. , :

+
A%

icel processing of the observetlonsl meberi-
el % usin~ an electronechanicel correlstor. As
o re the processing the numerilcal charsceteristics
of turbulent interchanse were obtained, along with quanti-
teti

ative regulerities of thelr chenges with depth.

Stotis
0.5 ne
u of

Figure gives curves of the distribution along the:
vertical of the mesn-square values for pulsations of
temperature and vertical components of the velocity of
tre curvent, and likewise the distributlon by depth,
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Fig, 3, 1, Mean=-square values for pulsatiorns of temver-
sture of the water in degrees (61), 2, Nean ~-square values
for pulsations of the vertical componen ts of the rate of
flow in cm/sec (§,); 3. Horizontal scale of turbulence

in cnm (p).

ol the horizontal dinmersioans of the tu“"ulo it formation

--= the turpulence scolcs -~ Found ﬂccordinb te the cor-
rcletion functlion of tenpersturce fluctustions. The

curves were plott=d from the dote of ¢ Uuion No 2372,
tolken 25-2C Jenuery in the region of the Lend of Dl:covery
In the season o* tne station the wiand veloeclty did not
exceced 5-7 m/scec, e oir termnmercture was on the averae
40 helow the +b4per ture of the surface of the water snd
cradually declined. A thin crust of fresh ice was formed
on the surfnce of the woter. The bost wans immoblle and

vibretion of the body associsted with operstion of the
engsine vwes whsent.  The hydrologic deily stetlion wae nade
verallel with our woriz. According vo the bsthometric
dete the orlinity of ithe woter increcses plnost lineerly
with depth. The water temperature et the surface wvas
-1.1¢° and st a depth of 10 = had frllenm to =1.290. It

fell furtiher to -1.70° znd tuen at a depth of 100-150 m




went down to ~1.80°. Thus, at & depth of 10=12 m there
was & more or less defined Jump In deneliy. Oome warning
and freshening of the surface loyer of the vaters wcs
coused by summer ‘mel Lting of lece in the reglon of th

inves t*gebioﬂh

The hydroloric system wes indetermincble. According
to the dzie of the rrinting vene EFV-2 eget up at the 50 n
level the mean velocity of the current slovly chenges
fromn 0 to 6-0 cn/sec. Anslogous snooth osclllations ere
wresentad ofb“e mneen weter tenperature. Thue, at the 10
m level LLV water tempersture veries in the coulue of
Tour to ©ix hours zround a mean value of ~1.20° with 2
amplitude of up to .59,

Heemsurerents of the turbulent fluectustlions of the
norizontel #xnd vertlcel components of the veloeity of the
current and the water tenpersiure permit judsing the ine
tensity of the processes of Intermixing under glven con-
ditions. The mesn squsre velueg glven in the ~>"ig~u::‘e for
mulsations of the weter tempersture and the vertical com
vonent of the rate of flou, dotermined during & prolongod
serieg, attelned ithe 19%* gt values with approach to the
leyers with the lary e 1 rfvaient of density. Here they
eaual £.0-7.0 . 1070 and 0.4-0.5 cm/cec respectively.
The meximum dimenzsione of ths turbd nlent vortices, 100~120
ny,took place al the ssme depthe. Below this loyer the
naEay sru“W¢ velues of the pulse tiCﬂw of tempersture snd
veloos ity dee;cesm repidly with depth to & very smell
XIL .LL‘A”

Tr;

o

e obtnined by the direct method numerlcsl values
Tor the turbuler t flow of hest In the vertical and tan-
gentlial fricticnal siressg., Accordiing to the hypothesis
of tne course of Intermixing, the msximun flovws of heat
and nmeximur amounts of AOuiOﬂ causged Ly turbulent inter-
chanze =zhould be observed st the depth of the lergest
vzlues on the sceles of turbulence end the mezn scurre
values for pulsstions of the vertical c nnonent of the
rate of Tlovwe.

Accd“din= to our messurements th

¢ naximupy hest Tlow
ot a denih of 10 m o is 12.0-15.0 o 1073 cal/ca® sec. The
tenpmentisl frictional stress, represent img fiow of the
gusntlity of ﬂotiﬂm& chrangsa within very nsrroyw lLialts
from 3.0-5.0 + 1077 to 0.5 ﬂyneg/,mgg QSSU"im” the lerge-
est valuves to be in the la yers with lerge pre ﬁi@nt of

o
by
o
€

- mean velocity (Fis. 4).
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Fig. 4, 1, Tangential direction of turbulent
frictional stress in dyneﬁ/cmg; 2, Gradient of
the mean rate du/dz in sec¢ .

W
K= — =
T dt/dz

Fig. 5a.
w v
aVidz
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Fig., 5b. 1, ==0==- turbulent viscosity in abso-
lute units; 2, ~=X=-~ coefficient of turbulent
exchange Kp along the verticals in absolute units:
%. Mean-square values of pulsations of vertical
components of the rate of flow 6, in cm/sec,




In meesuring the gredients of the meen velocity and
temperature along the verticals we czleuloted the value
for the turbulent heat exchange coefficlent Kq end for
the transfer coefficlent of the amount of notlon(turbu-
lent viscosity) on the basie of the formal hypothetical
relationships of the exchange coefficlents.

In Figure 5 the results of these caleulations are
présented In the form of graphe of the vertiesl distribu-
tion of the coefficlents. The same graph contains a
curve of the distribution by depth of fluctuation of the
vertical component of the rste of flow. A sherp, clear-
ly-defined expression of the maximum of the exchange
coefficlents 1s observed in the depth of the grestest
Intensity of turbulence. The data we obtained are insuf-
ficlent for complete presentation of the comparative
course of the coefficlents of turbulent heat exchenge and
viscoszlty. On the basle of the greph, however, it is
poseible to Judzme the gualitative resemblance in the cher-
acter of the change of both values with dentii.

Conclusions

_ The basic velues were found vwhich chdarecterize the
vrocesses of turbulent intermixing in the surfece layer
of waters of the Antarctic sector of the Indisn ond Prele
Tlc Oceans in the gummer period under conditionse of the
relting of lece. Certein regularities of their distribu-
tlon along the verticsl and the neture of their change
with tine were determined. The investigetions which
were mede clarify certein aspects of the complex inter-
reletion between the meen and pulsation charzcteristics
in the Tield of veloeity and tempersture. But final and
sufficlently complete quentitsitive idecs shout the forma-
tion of the averese hydrologic sysiem under the influence
of the micro-cherascterictics of the turbulent fleld can
only e obitained by careful anslysis and generalization
of the materials obtzined by experimental research on the
brocesses of turbulent exchsnge which oceur in very varlied
netural conditions.
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